PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 1 1 -073989 

(43)Date of publication of application : 16.03.1999 



(51)lnt.CI. H01M 10/40 



(21 Application number : 10-180689 (71)Applicant : MITSUI CHEM INC 
(22)Date of filing : 26.06.1998 (72)lnventor : TORIIDA MASAHIRO 

YOKOYAMA KEIICHI 



(30)Priority 

Priority number : 09172573 Priority date : 27.06.1997 Priority country : JP 



(54) NONAQUEOUS ELECTROLYTE AND NONAQUEOUS ELECTROLYTE 
SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte and a 
secondary battery containing the nonaqueous electrolyte which is high in 
safetysuperior in low- temperature characteristicand superior in 
charging/discharging performance. 

SOLUTION: This nonaqueous electrolyte consists of an electrolyte and a mixed 
solvent of ethylene carbonate(EC)propylene carbonate(PC)and diethyl 
carbonate(DEC)and the volumetric ratio of ethylene carbonate and propylene 
carbonate (EC:PC) is 10:1-10:8. This secondary battery consists of the 
nonaqueous electrolytea negative electrode containing a carbon material capable 



of doping/ undoping lithium ions as a negative active materiala positive electrode 
containing a composite oxide of lithium and a transition metal as a positive active 
materialand a separator. 



CLAIMS 



[Claim(s)] 

[Claim 1]An electrolyte. 

A mixed solvent containing ethylene carbonate (EC)propylene carbonate 
(PC)and diethyl carbonate (DEC). 

It is nonaqueous electrolyte provided with the aboveand a mixed volume ratio 
(EC:PC) of ethylene carbonate and propylene carbonate is characterized by 
being 10:1-10:8. 

[Claim 2]The nonaqueous electrolyte according to claim 1 wherein mixed volume 
ratios (EC+PC) (: DEC) of ethylene carbonate in a mixed solvent and propylene 
carbonateand diethyl carbonate are 7:3-3:7. 

[Claim 3]The nonaqueous electrolyte according to claim 1 or 2wherein mixed 

volume ratios (EC:PC:DEC) of ethylene carbonate in a mixed solventpropylene 

carbonateand diethyl carbonate are 35-45:5-25:30-60. 

[Claim 4]The nonaqueous electrolyte according to any one of claims 1 to 

3wherein said mixed solvent contains methylethyl carbonate (MEC) at a rate of 

0-1 (MEC/DEC) with a volume ratio to diethyl carbonate (DEC). 

[Claim 5]Said electrolyte LiPF 6 LiBF 4 LiAsF6LiCI04LiC(S02CF3) 3 The nonaqueous 

electrolyte according to any one of claims 1 to 4 being at least a kind of lithium 

salt chosen from LiN(S0 2 CF 3 ) 2 and LiN(S0 2 C 2 F 5 ) 2. 

[Claim 6]A nonaqueous electrolyte secondary battery comprising: 

A negative electrode which includes a carbon material in which a dope and a 

dedope of a lithium ion are possible as negative electrode active material. 

An anode which contains a multiple oxide of lithium and a transition metal as 



positive active material. 
A separator. 

It is the nonaqueous electrolyte according to any one of claims 1 to 5 as an 
electrolysis solution. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the nonaqueous electrolyte 
secondary battery containing this electrolysis solution while relating to the 
nonaqueous electrolyte which whose safety was highand was excellent in the 
low-temperature characteristicand was excellent in the cell charge-and-discharge 
performance in more detail about nonaqueous electrolyte and a nonaqueous 
electrolyte secondary battery. 
[0002] 

[Background of the lnvention]The oxidation-reduction potential of lithium is - 
3.03V. 

it exists on the earth it is a less noble metal most. 

Since the voltage of a cell is decided by potential difference of an anode and a 
negative electrodeif lithium is used as negative electrode active materialthe 
highest electromotive force will be acquired. Since 6.94 and density are [ both ] 
0.534 g/cm 3 and the atomic weight is the smallest in metalthe energy density of 
lithium is high and its weight per unit quantity of electricity is small. For this 
reasonif lithium is used as negative electrode active materialit can be considered 
as a small and lightweight cell. 

[0003]Since the rechargeable lithium-ion battery which used such lithium for 
negative electrode active material has the energy density it is high and small and 



lightweightit was carried in portable electronic devicessuch as a 
camcorder/moviea cellular phoneand a laptop computerand the demand has 
been prolonged rapidly. 

[0004]The nonaqueous electrolyte which consists of a nonaqueous solvent and 
an electrolyte is used for such a rechargeable lithium-ion battery. Dimethyl 
carbonatedimethoxyethane and the tetrahydrofuran which are the nonaqueous 
solvents of propylene carbonategamma-butyrolactonesulfolaneor hypoviscosity 
which are generally a nonaqueous solvent of high permittivity as a nonaqueous 
solvent13-dioxolaneetc. are used. As an 

electrolyteLiBF 4 LiPF6LiCI04LiAsF6LiCF 3 S03LiSiF6LiN(S02CF3) 2LiN(S02C 2 F 5 ) 
2etc. are used. 

[0005]the safety of such a rechargeable battery ~ overcharge -- ****(ing) by 
exterior-short-circuiting and crushing -- etc. - it is checked by experiment. 
Howeverwhen future large high-energy-density-izing or enlargement of a cell is 
madeto raise safety further is desired. 

[0006]The above portable electronic devices are used in a cold district in many 
casesand nonaqueous electrolyte is also expected improvement in the low- 
temperature characteristic. 
[0007] 

[Objects of the lnvention]ln this inventionit was made in view of the above- 
mentioned problem. 

Thereforeit aims at providing the rechargeable battery containing this 
nonaqueous electrolytewhile aiming at providing the nonaqueous electrolyte 
which whose safety was highand was excellent in the low-temperature 
characteristicand was excellent in the cell charge-and-discharge performance. 

[0008] 

[Summary of the lnvention]The nonaqueous electrolyte concerning this invention 
is nonaqueous electrolyte which consists of a mixed solvent containing an 
electrolyteand ethylene carbonate (EC)propylene carbonate (PC) and diethyl 



carbonate (DEC)The mixed volume ratio (EC:PC) of ethylene carbonate and 
propylene carbonate is characterized by being 10:1-10:8. 
[0009]As for the mixed volume ratio (EC+PC) (: DEC) of ethylene carbonate in 
the above-mentioned mixed solvent and propylene carbonateand diethyl 
carbonateit is preferred that it is 7:3-3:7. 

[0010]As for the mixed volume ratio (EC:PC:DEC) of ethylene carbonate in the 
above-mentioned mixed solventpropylene carbonateand diethyl carbonateit is 
still more preferred that it is 35-45:5-25:30-60. 

[0011]such a mixed solvent sets methylethyl carbonate (MEC) to a volume ratio 
to diethyl carbonate (DEC) -- 0-1 - it may contain at a rate of 0.1-1 comparatively 
preferably. 

[0012]Said electrolyte LiPF 6 LiBF 4 LiAsF 6 lt is preferred that it is at least a kind of 
lithium salt chosen from LiCI04LiC(S0 2 CF 3 ) 3 LiN(S0 2 CF 3 ) 2 and LiN(S0 2 C 2 F 5 ) 2 . 
The nonaqueous electrolyte secondary battery concerning this invention is 
characterized by consisting of the negative electrode which includes the carbon 
material in which the dope and dedope of a lithium ion are possible as negative 
electrode active materiallithium and the anode which contains the multiple oxide 
of a transition metal as positive active materiala separatorand the above- 
mentioned nonaqueous electrolyte. 
[0013] 

[Detailed Description of the InventionJThe nonaqueous electrolyte built over this 
invention below and the nonaqueous electrolyte secondary battery using this 
nonaqueous electrolyte are explained concretely. 
[0014]The nonaqueous electrolyte concerning nonaqueous electrolyte this 
invention is nonaqueous electrolyte which consists of electrolyte salt and a mixed 
solvent of ethylene carbonate (EC)and propylene carbonate (PC) and diethyl 
carbonate (DEC)the mixture of ethylene carbonate and propylene carbonate -- a 
product ratio (EC:PC) - 10:1-10:8 - desirable -- 10:2-10:7 -- it is 10:4-10:6 still 
more preferably. When the volume ratio of EC and PC is in this rangethere is an 
advantage that the safety of a cell is excellent. 



[0015]As for the volume ratio (EC+PC) (: DEC) of the total quantity of Lenka 
BONETO contained in nonaqueous electrolyteand propylene carbonateand the 
quantity of diethyl carbonateit is desirable 7:3-3:7and that it is 6:4-5:5 preferably. 
When the volume ratio of the total quantity of EC and PC and the amount of DEC 
is in this rangethe low-temperature characteristic of a cell is excellent. 
[0016]As such [ further again ] a mixed solventethylene carbonate and propylene 
carbonateThe mixed volume ratio (EC:PC:DEC) with diethyl carbonate of 35- 
45:5-25:30-60and the thing that are 35-45:15-25:20-50 preferably is preferred. 
[0017]ln this inventionmethylethyl carbonate (MEC) may be further contained in 
the above-mentioned mixed solvent. Methylethyl carbonate (MEC) is a rate of 0-1 
in a volume ratio to diethyl carbonate (DEC)and 0.1-1 may be contained 
comparatively (MEC/DEC) preferably. The volume of nonaqueous solventssuch 
as ECPCDECand MECis computed by this invention by breaking the weight of 
nonaqueous solventssuch as ECPCDECand MECby the density (DEC the 
density in 20 ** and EC ECPCthe density in 40 **) of a nonaqueous solvent. 
[0018]lf a rechargeable lithium-ion battery is formed using the nonaqueous 
electrolyte containing the above mixed solventsit will not ignite and fume by a 
peg test and the rechargeable battery excellent in safety will be obtained. 
[0019]As an electrolyte contained in such nonaqueous 
electrolyteLiPF 6 LiBF4LiAsF 6 At least a kind of lithium salt chosen from 
LiCI0 4 LiN(S0 2 CF 3 ) 2 LiN(S0 2 C2F 5 ) 2 and LiC(S0 2 CF 3 ) 3 is used preferably. 
LiPF 6 LiN(S0 2 CF 3 ) 2 and LiN(S0 2 C 2 F 5 ) 2 are used among these more preferably, 
such an electrolyte -- one sort ~ or two or more sorts can be combined and it can 
use. 

[0020]The above-mentioned electrolyte dissociates in nonaqueous electrolyteand 
all produce Li + ion. As for such an electrolyteit is desirable to usually contain 0.5- 
2.0 mol/l. in the quantity of 0.7-1.5 mol/l. preferably in nonaqueous electrolyte. As 
for the nonaqueous electrolyte of this inventionit is desirable to usually have the 
specific conductivity (ion conductance) of 7.9 - 8.5 mS/cm preferably 7.5 to 8.5 
mS/cm. The viscosity in a room temperature (25 **) is preferredand the 



nonaqueous electrolyte of this invention is 2 - 10cp. The flash point of such 
nonaqueous electrolyte is 30-50 ** preferably. The flash point is measured by the 
tag closed cup flash test method indicated to JIS K 2265-1980. The concrete 
procedure of this examining method is as follows. 

(1) Put 50 ml of samples into a sample cupcoverand carry out temperature up the 
speed for 1 **/. 

(2) Whenever the temperature of a sample rises by 0.5 **make examination 
flame remove. 

(3) Repeat operation of (2) until it ignites. 

[0021]ln the nonaqueous electrolyte concerning this inventionother nonaqueous 
solvents may be contained in addition to ethylene carbonatepropylene 
carbonatediethyl carbonateand methylethyl carbonate. 
[0022]As such a nonaqueous solventmethyl formateethyl formatepropyl 
formateChain estersuch as methyl acetateethyl acetatepropyl acetatemethyl 
propionateand ethyl propionateCyclic ethersuch as chain ethersuch as 
dimethoxyethaneand a tetrahydrofuran. Chain Cava matessuch as chain 
amidesuch as dimethylformamideand a methyl-NN-dimethyl KABA mate. Cyclic 
amidesuch as annular Cava matessuch as annular sulfonessuch as cyclic 
estersuch as gamma-butyrolactoneand sulfolaneand N-methyl oxazolidinoneand 
N-methyl pyrrolidoneetc. are mentioned. 

[0023]As for these solventsit is desirable that below 20 volume % is preferably 
contained in the range of 5 - 10 volume % to the whole solvent in nonaqueous 
electrolyte. 

The nonaqueous electrolyte secondary battery concerning nonaqueous 
electrolyte secondary battery this inventionlt is characterized by having lithiuman 
anode containing the multiple oxide of a transition metala separatorand the 
aforementioned nonaqueous electrolyte as the negative electrode containing the 
carbon material in which the dope and dedope of a lithium ion are possible as 
negative electrode active materialand positive active material. 
[0024]Such a nonaqueous electrolyte secondary battery is applicable to a 



square-shaped nonaqueous electrolyte secondary batteryfor example. As a 
square-shaped nonaqueous electrolyte secondary battery is shown in drawing 
latter storing the negative electrode 4 which applies negative electrode active 
material to a negative pole collectorand the anode 3 which applies positive active 
material to a positive pole collector to winding and the cell case 6 via the 
separator Sit pours in nonaqueous electrolyte. The battery lid 7 which formed the 
safety valve 8 is attached to the cell case 6 by laser welding. 
[0025]The positive pole terminal 9 is connected with the anode 3 via the positive 
electrode lead 10and the negative electrode 4 is connected by contact with a cell 
case wall. As negative electrode active material which constitutes such a 
negative electrode 4a dope and the carbon material which can be dedoped are 
used in a lithium ion. It is possible to use all carbon materialssuch as activated 
carboncarbon fibercarbon blacka mesophase microspherePolyful furil alcohol or 
a burned product of a petroleum pitchcarbide of a polysiloxaneand carbide of 
epoxysilaneas a carbon material. 

[0026]These carbon materials [ like ] may be crystallinityor may be amorphous. 
As crystalline carbonthe graphite material more than 2.18 g/cm 3 has [ more than 
2.10 g/cm 3 ] preferably preferred true density. Less than 0.340 nm of spacings 
from which the graphite material which has such true density is obtained with an 
X-ray diffraction method (002) are 0.335 nm or more 0.337 nm or less preferably. 
(002) C axis microcrystal thickness of a field has not less than 14.0 nm. 

[0027]The carbon material (nongraphitizing carbon material) which is not 
graphitized even if heat-treated at about 3000 ** can also be used as negative 
electrode active material. What the spacing acquired with an X-ray diffraction 
method (002) sets to 0.37 nm or more as a nongraphitizing carbon materialand 
true density sets to the differential thermal analysis (DTA) in less than 1.70 g/cm 3 
and the inside of the airand has one or more exothermic peaks at 700 ** or less 
is preferred. 

[0028]For examplewhen forming a negative electrodeusing the charge of a 



difficulty graphitized carbon material as negative electrode active materialoxygen 
bridge construction of the functional group which contains oxygen in a petroleum 
pitch first is introduced and carried out in 10 to 20% of the weight of quantityand 
it ranks secondand carbonizes in an inactive gas air currentand a carbon 
precursor is prepared. Subsequentlythis carbon precursor is calcinated at the 
temperature of about 900-1500 **and the carbon material of the character near 
glassy carbon is prepared. Subsequentlythe powder and polyvinylidene fluoride 
(PVDF) of a carbon material which were produced by doing in this way are 
mixedN-methyl pyrrolidone of a solventetc. are distributedand a negative 
electrode mixture slurry (paste state) is prepared. This negative electrode mixture 
slurry is applied to the negative-electrode aggregate made from band-like copper 
foiland after making it drya band-like negative electrode is obtained by carrying 
out compression molding. 

[0029]the thickness of such negative electrode mixture -- each field - for 
example40-160-micrometer[- example:each field is an 80micrometer] grade. It is 
desirablein order that the intercalation compound etc. which contained the lithium 
composite metal oxide shown by general formula UMO2 (at least one sort of 
M:Conickeland Mn is shown.) and lithium as positive active material may be 
mentioned and UC0O2 may show high energy density especially. 
[0030]For example it mixes with cobalt carbonate [ as this ] molar quantity twice 
many to 1 mol of lithium carbonateand the anode 3 is calcinated in the about 70- 
110** airobtains LiCo02andsubsequently to the particle diameter of about 5-30 
micrometerspulverizes it. Subsequentlya positive electrode mixture slurry is 
obtained by mixing the mixture of these UC0O2 particles and lithium 
carbonatethe graphite of a conducting materialand the polyvinylidene fluoride of 
a binderpreparing positive electrode mixtureand distributing N-methyl pyrrolidone. 
A desired anode will be obtainedif this slurry is applied to positive pole collector 
both sides made from band-like aluminium foilit is made to dry and compression 
molding is carried out. the mixture of such an anode - thickness is the same as 
that of the above-mentioned negative electrode 4. 



[0031]Such an anode 3 is the stationary state after repeating charge and 
discharge and performing it about 5 timesfor exampleand usually contains Li of 
per [ negative-electrode-active-material 1g ] and the charge-and-discharge 
capacity of 250 or more mAh. 

[0032]As a separatora fine porosity polypropylene film [ thickness / in about 10- 
60 micrometers ] about 30-50 mm wide is usedfor example. Such a nonaqueous 
electrolyte secondary battery is not lit by a peg test etc.and is excellent in safety. 
Such a nonaqueous electrolyte secondary battery has a high energy densityand 
is excellent in a charging and discharging characteristicand excellent in the low- 
temperature characteristic. For this reasonthe nonaqueous electrolyte secondary 
battery concerning this invention can be used conveniently even in a cold district. 
[0033]The nonaqueous electrolyte secondary battery concerning this invention 
contains the nonaqueous electrolyte explained above as an electrolysis solution. 
The shape of a cell may be a coin type as not limited to what was shown in 
drawing 1 but shown in drawing 2 cylindricaletc. 

[0034] 

[Effect of the lnvention]The nonaqueous electrolyte secondary battery using the 
nonaqueous electrolyte concerning this invention can be used without excelling 
in safetybeing able to generate high tensionand excelling in a charging and 
discharging characteristicand falling performance even in a cold district. 
[0035] 

[ExampleJAIthough an example is given to below and this invention is concretely 
explained to itthis invention is not limited at all by these examples. 
[0036] 
[Example 1] 

Preparation LiPF6 of nonaqueous electrolyte so that electrolytic concentration 
may become in I. and 1 mol /It dissolved in the mixed solvent (mixture product 
ratio EC:PC:DEC=40:20:40) of ethylene carbonate (EC)and propylene carbonate 
(PC) and diethyl carbonate (DEC)and nonaqueous electrolyte was prepared. The 



flash point of the obtained nonaqueous electrolyteviscosityand ion conductance 
were measured. A result is shown in Table 1. Ion conductance was measured at 
25 ** and 10 kHz again with the tag combustion equation which the flash point 
described above using the impedance meter. 

[0037]The nonaqueous electrolyte secondary battery as shown in production 
drawing 1 of a cell was produced in the following procedures. Polyvinylidene 
fluoride 8 weight section which the anode board 3 is used as an active 
materialand are cobalt-acid-lithium:90 weight section and a binderAcetylene 
black which is a conducting agent : After mixing both the amount parts of 
duplexsadding a proper quantity of NMP(s) which are solvents and making it 
paste stateThis paste was applied to both sides of the charge collector which 
consists of 20-micrometer-thick aluminium foiland it dried (spreading weight 2.5 
g/cm 2 )pressed in 180 micrometers in thickness after thatand produced by cutting 
in width of 19 mm. To both sides of the charge collector which consists of 10- 
micrometer-thick copper foilthe negative electrode plate 4 as an active material 
Carbon material:94 weight section of a black lead systemAfter applying what 
considered it as the bindermixed polyvinylidene fluoride:6 weight sectionadded a 
proper quantity of NMP(s) (N-methyl pyrrolidone) which are solventsand was 
prepared to paste state and drying (spreading weight 1.2 g/cm 2 )lt produced by 
pressing in 220 micrometers in thickness and cutting in width of 20 mm. After 
storing the anode 3 and the negative electrode 4 to winding and the cell case 6 
via the separator 5the above-mentioned nonaqueous electrolyte was poured in. 
Nextlaser welding of the battery lid 7 which formed the safety valve 8 was carried 
out to the cell case 6and it was attached to it. It connected with the anode 3 via 
the positive electrode lead 10and the positive pole terminal 9 connected the 
negative electrode 4 by contact with the wall of the cell case 6and produced the 
square-shaped cell of nominal capacity 600mAh. 

[0038] In the charging and discharging characteristic of 25 **with the current of 
0.5Cperformed constant current constant potential charge to 4.1 Vchanged into 
the full charge statethe cell was made to discharge to 2.75V by 1C in -20 ** and 



25 **and the service capacity at this time was measured for 3 hours. 
[0039]ln 25 ** of peg testsw ith the current of O.SCperform constant current 
constant potential charge to 4.1 Vand it changes into a full charge state for 3 
hoursan iron nail with a diameter [ the side of the case 6 of the cell 1 to ] of 2.5 
mm -- about 2.3 cm/sec - thrusting -- speed -- a cell - it was made to penetrate 
perpendicularly to an electrode surface in the center section mostlyand the state 
of the subsequent cell was observed. 
[0040]A result is shown in Table 2. 
[0041] 

[Example 2] In Example 1the flash point of nonaqueous electrolyteion 
conductance and the charging and discharging characteristic of a celland the peg 
test were evaluated like Example 1 except having set the mixed volume ratio of 
the solvent to EC:PC:DEC=35:10:55. 
[0042]A result is shown in Tables 1 and 2. 
[0043] 

[Comparative example 1] In Example 1the charging and discharging 
characteristic of a cell and the peg test were evaluated like Example 1 except 
having set the mixed volume ratio of the solvent to EC:PC:DEC=30:30:40. 
[0044]A result is shown in Tables 1 and 2. 
[0045] 

[Example 3] In Example 1as a mixed solventThe mixed solvent of ethylene 
carbonate (EC)propylene carbonate (PC) and diethyl carbonate (DEC)and 
methylethyl carbonate (MEC) (mixture product ratio EC:PC:DEC:MEC) = except 
having used 40:20:35:5The flash point of nonaqueous electrolyteviscosityion 
conductance and the charging and discharging characteristic of a celland the peg 
test were evaluated like Example 1. 
[0046JA result is shown in Tables 1 and 2. 
[0047] 

[Example 4] In Example 1as a mixed solventThe mixed solvent of ethylene 
carbonate (EC)propylene carbonate (PC) and diethyl carbonate (DEC)and 



methylethyl carbonate (MEC) (mixture product ratio EC:PC:DEC:MEC) = except 
having used 40:20:30:1 OThe flash point of nonaqueous electrolyteviscosityion 
conductance and the charging and discharging characteristic of a celland the peg 
test were evaluated like Example 1 . 
[0048]A result is shown in Tables 1 and 2. 
[0049] 

[Example 5] In Example 1as a mixed solventThe mixed solvent of ethylene 
carbonate (EC)propylene carbonate (PC) and diethyl carbonate (DEC)and 
methylethyl carbonate (MEC) (mixture product ratio EC:PC:DEC:MEC) = except 
having used 40:20:25:1 5The flash point of nonaqueous electrolyteviscosityion 
conductance and the charging and discharging characteristic of a celland the peg 
test were evaluated like Example 1 . 
[0050]A result is shown in Tables 1 and 2. 
[0051] 

[Example 6] In Example 1as a mixed solventThe mixed solvent of ethylene 
carbonate (EC)propylene carbonate (PC) and diethyl carbonate (DEC)and 
methylethyl carbonate (MEC) (mixture product ratio EC:PC:DEC:MEC) = except 
having used 40:20:20:20The flash point of nonaqueous electrolyteviscosityion 
conductance and the charging and discharging characteristic of a celland the peg 
test were evaluated like Example 1 . 
[0052]A result is shown in Tables 1 and 2. 
[0053] 
[Table 1] 



[Table 2] 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing H it is an outline sectional view of the square-shaped cell in which one 
example of the nonaqueous electrolyte secondary battery of this invention is 
shown. 

[Drawing 2] lt is an outline sectional view of the coin type cell in which one 
example of the nonaqueous electrolyte secondary battery of this invention is 
shown. 

[Description of Notations] 

1 .... Square-shaped rechargeable battery 

2 .... Electrode group 

3 .... Anode 

4 .... Negative electrode 

5 .... Separator 

6 .... Cell case 

7 .... Battery lid 

8 .... Safety valve 

9 .... Positive pole terminal 

10 .... Positive electrode lead 

20 .... Coin type secondary battery 

21 .... Cell case 

22 .... Obturation board 

23 .... Negative electrode 

24 .... Gasket 

25 .... Separator 

26 .... Anode 
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[0 0 10] *6lc±IBa^«»(*'©i^U>*-#* 
- h<typt°U>^-^- h<hvx^;U^-,1t^- h 
<h(Djg^ftmi:b$ (EC:PC:DEC) 3 5~4 5:5~2 
5 : 3 0 ~ 6 0 T255 d <t: Sf $ U\ 

[00 1 1] C©«fc5fta^WIU:, ^^l/X^/l/*- 
#^-h (MEC) v^X^U^-^-h (DEC) ICfl 
LTx f*att*(cfel'»T 0 ~ 1 OliJ^, » $ L < li 0 . 
1 ~ 1 OiJpT*tA/T't N Tt<tl\ 



AsF6* UCIO4, LiC(S02CF3)3, L i N (S 
O2CF3) 2 fc<fcO"L i N (SO2C2F5) 2 frbllfn 

[0 0 13] 

[00 14] |M<lgg% 

(EC) tyntfb>*-#*-h (PC) £ 

yifi^-^-h (dec) &4>a£3mK&fr&tt 

h«tcD)l^tt«Jt$ (E C : P C) *\ 

1 0: 1-1 0:8. $?$L<&1 0:2~1 0:7, *6 
K!f$L<tt10:4~10:6T*?, EC<hPC<7)tt 

[0 0 15] £/c, **«W5tttHcS*ti*U>*-# 

^u*-#*-ho*t©i«lik* ((ec + pc):d 
EC) tt, 7:3-3:7, »$L<tt6:4~5:5?fc 
3C£#3£Ll\> ECiPCro^iiDECltiD 

[0 0 16] *SfcSfcC©<fc3*»a>»i£LTU\ 

t, 5>x*jua-#*-hfc©S£«||tt* (EC:P 
C:DEC) tf, 3 5-4 5:5-2 5:3 0-6 0, » 
$L<te, 3 5-45: 1 5-2 5 : 2 0-5 0T£3t> 

[0 0 17] **WTtt % ±SBa^jStttC S5lO<* 
;H^iUA-#*-h (MEC) tf£SftTVTfcJ:L\ 
y^;n^ju*-#*-h (MEC) fcfc, 5>X*JU*-# 
*-h (DEC) K*fLT, tt«Jt»T»0~1O»J^ 
#$L<ttO. 1~1©SJ£(MEC/DEC) ?£*tl7VT 
*><fcl\ ftfettMJTEC, PC DEC, MECf© 
#7k5S«®iMWiEC, PC, DEC, MEC«<D$7k 

?§i£0>fiS£##>§<t<D&j£ (ec, pc, decti* 

2 0*CTO«fi, EC?U:4 0 0 CT'4>®Jt) T«JSEfc 

[0018] ±&0)*5ttmismm6&ts#&wmMz 



t LTli, L i P F g, L i B F4, L i A s Ffr Li 
C I O4, Li N(S02CF3)2, L i N(S02C 
2F5)2, L i C (SO2CF3) 3fr£>mi$ft%'PK<t 

&-m<D > )?'5kt&ft&%L<mm2n%o e*i6<d o 

"5, .fcyffSLXfcffiSftSOtt, L i PF6, L i N 
(S02CF3)2, L i N(S02C2F 5 ) 2 T-&3o 
E©J;?&®8?«i, 1fIf:fcW:2«tt±«#£*>tfT 

[0 0 2 0] ±IBO«»W*» #*«j»«*Tl»»L 

li, *7k««5«f[Cs 9W0. 5~2.0WJ7 h 
Jk »SL<ttO. 7~1. 5tJl//U'> HkDflTSS 

7. 5-8. 5mS/cm$?$L<ti7. 9-8. 5m 
S/cm©Jti»«* (-r*>WM0 *WL7VSC£ 
#BSU\ *fc*»W©*7kai!i»tt, IS (2 5 
°C) ■?©««##$ L<tt2~10cpT'^o £ /cE 
©*34#*WIBSog|jWSa:» $?£L< 14 30-50 
t?*5, ft*, 9l2fcA& J IS K 2265- 1980 ICfBIE* 

(1) tl->^U50m I *K»*yytcAtlT»*U 1 

(2) +>->?vu©sjg#o. 5°c±^-r§ E<h tc, £&&£© 
[002 1] $/c, *«Wf!:««*7kfMljltftcfi, x 

[0 0 2 2] C©«fc 5 LTtt* MM** 
;k HRx?/k UttTtifcfJk IM><*;k fff^x^ 

;k miypt:;k -fa^tym**!^ yuetym 

tti— 7h7b KP7-7>&£®WKi--7^ 

-n.n-v^jI/Zj-m";*- h&£©flHXA-/b<- h 
31, r^Q7^ hVSirroSBttiXx/k 7Jk*5 

[0 0 2 3] C*l6©5S«tt, ^*Sft?jS^(D>§J8^ft 
IC^ U 2 0 ft«%J-XT, » $ L < it 5 - 1 0 im%<D 



[0024] z^^mmmmm-^mmt. tctx 

miLTteZJEmz t*. -fe/\°b-*5£^LT#lH] 
U *»*-X6U:i»WLfcSK #*«*;«*&ALT 
4*fc©T*So VM<r-Z6tcit* 8£ft8*Witt 
mm 7 tf U— *f-»»ic «fc ^ TSX y WW- 6 tlT f*. 
[0 0 2 5] 3E»H?9W:jE«y-Kl 0*^LTiE« 

y«NK*nT^*. c©«fed^fta4^^-rs^as 

HMfc # l J7)\'7 l Jl\'T>\,zi-ll,%tclte : &t?vT<Dm 

[oo2 6] cnsoj:3aK«*mi*» *s B B B i4rso 

ffft#2. 1 0g/cm3j.X±, »£L<tt2. 1 8g/citi3j.X± 

tmtts xmmfimTmznz (002) imoH#o. 

3 4 0nm*;jS, &£L<(*0. 3 3 5nmJ-X±0. 3 3 7nm 
J-XTT'fe U , ( 0 0 2 ) S£D C MIS 1 4 . 0 nm 

[0 0 2 7] S/i, 3 000 o CfSST^5aS*nTtll 

3 7nmW±, Jt&£tf 1 . 7 Og/cm3*3t, ffi«*?©3* 
26JRl»«r (D T A) Kfcl^T 7 0 0 °Cl-XTlC 1 OJ-X±© 

[0028] mximm^itmmm^nm^mmt l 
TmvTnnzj&mtzms* srti* try ^kibr* 

Stress* 1 0~2 0S»%tD*T'#AU ttiRaiffi 

f**H»-ra 0 #i^t\ c©«*ttw**«a.tf 9 o o 

~1 5 0 0°C*§|f©>gli?^U tf^XttKilHCifi^ 
ttH©KSftt**«H»-r*. C©<fc?lcLTf# 

6ftfeKii5*«BW)»*t # y 7 7 fbtr - y x > (pvd 

F) £*S£U SM©N-*^ueay K>*lc»» 

u ESHS&t %zt.iz*Vs «k©* 

[0 0 2 9] E©«fc3&ft«£»©**W\ «E£*n 
4 0~160/jm [«:&ifitt.80/im] € 
fi?fc*. IHSiMN: LTtt» -)KiCLiM02 (M: 

co, nu Mn©'j>&<«i:t,ia : &^-r 0 ) 



[0 0 3 0] 1*1314, 
ttLTim^/Whligtfrm.T^U 70~110 
•CS*©ffi»1»7«fi8U LiCo02*»s *^TttS 
5~3 0/imTO£«S»»-r«. &l^T% ISLiCo02 

4 h<h, S#giJ©^y7-y<bkf-yx>t^>I^LTiE 

icj:y. is^ax^y-irasns. ^©x^y-fc 
^7^5x9 AmuEffJMttniiitc&ftu sas* 
E»©BTntf, ma©iEffi^5n*. £©£-3 

[0031] zo&oKiEmsit. mz.it SmsMffitiL 

n 1 g )ktc y . 2 5 0 mAhJ.X±©?5fifc«§*fli#© L i 

[0 0 3 2] -b/\°U-^i:LTl*, fllAtf* J**tf1 0 
~ 6 0 ju wf§fi?tstf 3 0-50 nw[§ffi©»£?Ltt;K 'J 

*Z3Ml>lM4s tT$'J LfitS&& £tc <fe o T#*T ^ C <b if 

s^iticsnrt^o $/c. c©«fc-54**aiB 

[0033] %is*mmm%#7i<.nMm-2inmz, 
wmrnt ltu±wr Lfc#7k«»5a*dtyt>©T* 
y, s>ft©m««:^tti2ii (csLfc*.©(ciwe*nr» 

[0034] 

»»z:**7tMi % s^ttic^ti> mnzz%3i-?z. % 

[00 3 5] 

[00 3 6] 
[^fiS^J 1 ] 
H*BSS©I§1 

[C, X^U>^j-^-h (EC) <h^Ptl 0 b>*-#' 
*-h (PC) (DEC) <!:© 

(S^ftffiib EC:PC:DEC = 40:20:4 
0) tc*IBUT**«jlifjl!i*««Lfc 0 »6tifc*7k« 



T25°C, 1 0 kHzTiJ^L/co 
[0 0 3 7] m>ticp#i!j 

9 0fi«g|5<i:^*fiJT-S^<KU 7 y fbbfx U 7>8il 
tfcfcS^U ^$SW5NMP£jI«]Q7LT^-Xh 

2. 5g/cm2) % ^(D&il* 1 80juml;:7bX 
U '<H1 9mmlcWKT3C£lcJ:-3TfBHUfc. Jlli 
ffi4(*J5* 1 0jL/m©iH$gfr8fca||®{*;<DffiffiU:, >§ 
IWIfc LTJMB3IW)«ilS*m : 9 4M«£s ^«SiJ<i: 

1. 2g/cm2) ©"5, /I* 2 2 0 jumlc7UX U 
itS2 0mml«HaJW-r*CttC«fco^ fESJLfco IES3 

6 \Z&£& 8 SRltfcttftS 7 * U— L 
TSX U ttttfco ZESw? 9 liiEB 'J— K1 0%ft LTIE 

[0038] ftttWStt 

2 5°CICJJ^T. 0.5C(7)ffi>^T\ 3B3P& 4.1V$ 
?»3f[£WE?W*fioT»aW*tt£ U - 2 0 X 
5°GCj>^T. m>ft*1CZ 5 2. 7 5V$T?ftl 

[0039] ffSILgiOB 

2 5°ClCfcl^T, 0.5CO«atT» 3B$IHk 4. 1 V$ 
TSa>^«E^«^^oT^««Si U m?ft 1 0 
7s6<DffiiJffifr5iIg2. 5 BmOttlTSW 2 . 3 cm 
/s e c©Sgj|njLjSJiT**>fi©Bff«f*g|JT«SiS(c3* 

[0 0 4 0] »***2tC^-To 
[004 1] 

[hm»J2] *»« i ics^t* s«(osdwxit«E 

C:PC:DEC = 3 5:1 0:5 5I: LfcWMi* HfiSftl 

[0042] &m*m 1 Jctf 2 KjjVTo 
[0043] 

[j±&0y 1 ] mmm i ice^t, $jft0>s£itsut« e 

C:PC:DEC = 30:30:40lc Lfctttttt* itttftl 

i£h«klt» w.m<Dmm%&. simLumnm 



[0045] 

[^SS^J3] HMM Ifcfcl^T, MSmmtLT. x^F 

(EC) £7neu>A-#*-h 
(PC) (DEC) t^^bX 

*/ua-#*-h (mec) <s£*M**fc 

EC:PC:DEC:MEC) = 40:20:3 5:5) S« 

[0 0 4 6] 118***133 J: tf 2 
[0047] 

[*S£#J4] H^JHC^T, S£j8»£LT* xf- 
U>*-#*-h (EC) t7°Pk°U>*-^-h 

(PC) (DEC) <h/^Ux 

^;U*-#*-h (MEC) i aaag* (aftflflUt 
EC:PC:dec:MEC) = 40:20:30:1 0) 4 

ffifflLfcwwtt, mmi tmmiztz. 
*r*jLB«*swiiiLfco 

[0 0 4 8] *S**Sl£J:tf2t«:3Vro 
[0049] 

mmmsi saw i ice^t, m^^tLT. x^ 
(EC) tyntruva-tf^-h 

(PC) tv^X^U^j-Ttt^-h (DEC) <ty^/ux 
(MEC) £<0S£g«|(>I£f*«Jt 
EC:PC:DEC:MEC) = 40:20:2 5:1 5) * 

[0 0 5 0] IMMraia3J:tf2lC5iTo 
[005 1] 

U>*-#*-h (EC) £7n£U>a-#*-h 
(PC) t^Ifi^-^-h (DEC) t^^bx 

^;u* -#*-!«■ (mec) tnusmmmsimit 

EC:pc:dec:mec) = 40:20:20:20) « 

[0 0 5 2] 1 fijjtf 2 izmto 

[0053] 

[g1] 



41 







teS(cp) 






43.5 


5.5 


7.9 




390 




8.0 




41.5 


5.4 


80 




41.0 


5.3 


8.2 


sums 


39.5 


5.2 


8.3 




38.5 


5.1 


8.3 











18E2] 



£2 







LiPF e il« 


tt«Sft(mAh) 






EC 


PC 


DEC 


MEC 


(til/1) 


25°C 


-20°C 


ittl 


40 


20 


40 






619 


448 




nrnwz 


35 


10 


55 






640 


472 






40 


20 


35 


5 




630 


398 




nmm* 


40 


20 


30 


10 




636 


351 






40 


20 


25 


15 




635 


424 






40 


20 


20 


20 




619 


521 






30 


30 


40 






598 


412 





m 1 ] *%w<o#fcw*m-&vfoo)-nim*jjiT 8 • 
[02] *»w©*7k«w*-*«7i!!<o-iij(s«i*^r 1 o 
maoism] 2 1 



1 • • 




22 • • 


• -§fn« 


2 • • 


- -nmm 


2 3 • • 


• - mm 


3 • • 




2 4 • • 


• • tfX^y h 


4 • • 


• - mm 


25 - • 




5 • • 




26 • • 




6 • • 









iES'J-K 



[01] 



[02] 



9-n 10 8 
7 \ f ) 



20 



